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FRESORD

Tha ex:bange of iaformaticn smuag 1uvestigators worsdng cu dlflersat
prohlems In the caso bicad aica 18 walus wuanioly swmeivlewes luccapleve,
often infreguent. ard seldom v.ue.:. Whars the svas inwnlved 1a under =
security classification; there is even less than tbe ususl amount of in-
formatiou axchanged. Wbhen the invesiigaiors are in judspegdent [rlvate
labcratories snd 1u quasi-indepsrdant goverument laboratorles linked only
through coatractual and sdministratlive reletionships sod separated physi-
cadly, tlovo 18 8 greal podsibility Tbat euch investigaior may conduct his
work iu comparaiive ieolation from the others.

This repost susmurizes tha proceedings of an attewpt to facilitate
the pecaeszsary and imgortant exchange of iufcrmaticn among a amall group
of invesiigatv, s fram the Quaiisimes ver Ledew b acd bogloeoring Cenier
and from juiveio wgandzaticos waoder contract to the guartermaster Ressarch
and Enginsering Commmnd concerrsi with thke dsvelopment of materiels for
perscapel armor. It wes the cousensus of those atieading that tbe twvo-
day informel synposiue 4id result in the boped-for exchanga of information.
Purthermore, thara wera othwr imjortant resulta. JYovestigutors working
undar contract bocame better avare of tbs broad cutlise of the fleld of
faterest to0 the QM RAR Clusmend, wnd of thc specific prodleamd now uwadar
study. Contects wers s tablishbed between investigators from the various
privato laboiatories represenied. The meetirg stimulated 1duas tou be
hyought back for consideration apd testing. Fipnally, an opportunity for
froe discussion vas [iovided for each reprasantative to atate, critleize,
and defend bis 1desc and tbcse of his colleaguas: in sbort, this symposium
provié-Aa thy oppeutenity for gsubjeciing infourmailon awd ideas to ths cri-
tical analysis of the group.

The success of the symposium, ad ovidenced by the participants' ex-
suessicas of interest and requests for future meetings, leaves no dowbt
that mectlings of this kipd ars both dopirablc acd wvorthwhile. In the
future, & symposiwr on personnel armor aaterials 111 be held periodically.
A sizllar sysposiue is planned on helgst anl boldy armor dasign and febri-
catin problees. It ie further hoped that hage mertings can be expanded
t5 irnclude purticipatica by otber iuterm=s sf gosernment agencies.

GLORGE R. THOMAS, Ph.D.-
Chief -
AppEoTed; Chswicals and Plastics Division

CARL L. WHITNEY, Lt. Col.. QL

Comsapding Officer
QM R&E Center Laboratories

A. STUART HUNTFR, Ph.D. =
Scientific Director .
QM Kesesarch & Fngigeering Cormmand
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ABIFTRACT

The procesdlings of the Persounsl Armor Maissrlals Symposiwm bald ol
ihe Quartermcster Ressarch and Enginuering Canter on 13,20 Septesber 1957
are presanted. Particivents wera 4koss persciasl of 0% Cmisr 58 of
organizations wndsr coptract to the ON RAE Cremand engaged in toe davel-
op==at of watarlale £ perécanel armor. Susmarier of ths eleven papers
dalivered utl tha symoioailum srm rresrnvtsd.  Recrmmentaiion. are (e e
tha greater use of sysposia for payeczns, ip many goversssat laboratories
arA govornaat contractor lsboratories, wao are active in conducting in-
vestigations, {5 facllitate excheugs of informmiion and lceas.
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Tiemf, ARMOR MATERTALS OTMTOSIUH

The Quartermaster Corps has Defurtment of toe A~my respousibility
for the davelormant snd prosumemest of porssansl arscr, The Gmilteamneter
Ressar~h and Engineoring Command is sseigned the recearch and devmlopment
activities upder Project 7-00-05.-001, Perscmnsl Arsour. At the QM RAR
Centsr, work 1s comducted av» & tezm trojiect invoiving all five operating

Divisions, with the Chemicals snd Plastics Division as tbes project lesder.

At a ponthly technical mesting of Centsr personne) engaged in this
project, Mr. Theofore 1.. Bailey suggested that the Command's contractors
wvorking on persomndl armor be iuvited to a meeting vharsin bcth toe coa-
tracto, and Center persannel could exchangs information and discuss i1deas.
This euggcatioa was enivhusissiically endorsed Ly the growp.

Tbhe pature of the meeting was determined by tka reaiization tha%, in
order to accomplish its objective of jrumoting tue excluwuge of information
ani the discussion of 1deas, the mecliicg sLoulE ba ket amall and quite
informal. Arccordirgly, the first mesting waes mwoiaiciad to tha sublsst
of materisls for versconel srmor. A two-day mseting was believed &g ir--
abls in o:der to allov cufficient discussicu tims. Further msetings are
Planued w discwov Lody armor design and fabrication problems.

The puysical arrangeasnts for the meoting were selescled to enbance
the 1uformal atajspbere considered dasiradble for the success cf the mmet-
ing. The GRREC Officers Clud lcuage was selected rather than a large
confarence roou or the Cester auditorium.

In7itations were sent 1o Command contractors concerned with materials
for peracunel axrmor an& all acceptad.



SIHrOS1uM AGENDA

The prepared aganda wvas followed excapt for a chenge in the ordsr of
the speskers for tha afternoom of the first dsy acd the elfsmipation of
the tour schaduled for +he sscond aliernotn 40 allow additicaal discus-

sion time. The agenda followed is given berein.
HRANOIARTRR] OUARTERVACTIR REJWRCY AMD ENCIFEERINT CCISIAND, TD AR
QUARTERNASTER RESEAFCH AND EXCINKERING CENTER
FATICK, HASSACHUSETTS
AFMOR WATERTALY SYMEOSIUM
1Gy 20 September 1957

AGENDA

Toursday, 19 Sepleaer 1657

Yslecwa (1000 - 1005) Dr. J. F. Ueoterling
QRAE Amior Frogram {1005 - 1020) Mr. M. I. Landsberg
(Cbhairman)
Presentations
1. QMRLE Cenmter (1020 - 1120}
a. The dsveloyment of multiphasic armor Mr. A. L. AlesS
constructions.

{irmor structures consisting of two or
mre dissimilar materials cre discussed.
A suggested method cof seliicting mator-
iels to construct a mu'tiphasic stiructure
is presunted.)

b. Bnergy s:gorpiicz of single iayar and Mr. A. S. Tente
camposite armcr structures.

(The variation in en=rgy abacrp-ion of
varicus urmor materials wh:n ispa-o:d by
two sizes of frageent sigistoucs at varlous
velocities. 18 Alscumsei. Th= appiication
of energy absorption studise op waterials
in composite pansls ie demcnsitrated,)

2. Folaroid Corporatica (1120 . 1220)

a. SHcope of pregran. Dr. W. A, Shurciifs



L. Suae ballisiic proparties oz CR-3Y plotes. kr. E. 5. Emeracn
c. Imptiwauie o Sypc and axtsob of paral. Dr. ¥W. A. Shurcliff
lelism smong organic polymeric molecuies

comprising an armor pauel.

d. Applicadility of dynamic photoelastic Mr. B. S. Lezrsoa
ansivsis tc the stndy of lapact phenomena.

Lunch (1£3%0)
3. Rutgexs Univernity (1330 - 1430)
Propertics of techunical cerailcs. Dr. E. J. Smke
(Discussion of the unique engineering rzoper-
ties of ceramics, for example, refractoriness
and other tbermal vroperties; wmechanical
strength, hardness, chemical durability.)

k. Bjorkesten Research labs., Ipc. (1430 - 1530)

Measurewent of the energy ebsorption Mr. E. A. Meyer
characteristice of materials ag s
function of grojeciile wwlocity.

(Discussion of the caae and eliwinztion of a
major source of error in velocity measure.
ments with lumiline acraens. EceiZy abzorg-
tion measuremanis vill aian ha ressnmied on
materisis testei to aate.)

Discussion (1530 - 1700)

Haw approaches vo tha fiawalroomand of -5

mterials and matsria) systams.
Friday, 20 Septa=mber 1957

Pregantations

1. U. S. Armry Chamical Yarfare Laboratories (0900 - 1100)

a. Technique for dcrteymining etrain history Mr. J. ¥. Jameson
of yarcs under high-elpcel impect.

(Discussion of apparatus; techniques snd
iystvmentaticn for cbtaining ca o Fhoto-
grys tbhs complate hiptory of tks atraita
dte*~'bution in a single yarn vhen impac-
ted transversely at high speeds. FPivio-
grepis ohtained with rotating airror
apparetus will be Algcussed.)

3



b. A uev Wechnluue Jor detarmining Mr. G. M. Rtewart
transient daforzation.

(A photographic study of the dynamics

of body ermor materials undsr Lign-speed
impact using & multiflash unic for the
11gh% source. Results of stuiica of
imvacted helmet, cloth and yarn, snd
secondary misrile eifect from impected
protective lenses will be discussed.)

2. Battelle Maworial Tmstitute (1100 - 2200)

Development of titanium alloys under Mr. A. M. Sabrolf
Quartermsster contract.

Lunch (1230)
Discussion (1330 - 1500)

Nev spprusches 1o the develommeni of armor
materials anéd mmierial aystems.

Tour (1500 - 1630)



IDEMELFICATLON CF SFPAKFRS, JARORATORTRS ARD CONTRACTS

G R&R Cogmand

Dr. J. Fred Oesterling, Daputy Scieatific Director

GM RAE Centev
gt et e . et

Project 7-80.05-001, Personns)l Armor

Participaiing Livisions:

Chemicals & Plastics (Project Leadsr)
Environnental Protection Ressarch
Mechanical Engineering

Pioneering DRoccarch

Textils, Clothing & Footwear
Speakcrs., Mr. M. I. lLaudsberg; Cliel; Feraonnel Armor Secticu

Cbemicals & Plastics Divieica
Mr. A. L. Alessi, Technologis: (Pmstics)

Chemicals & Plastics Division
Mr. A. 5. Tante, Me himicel Englnsar (Textile:)
Textile, Clothing & Footwear Division
Polaroid Corp., Cambridge, Mase.

Contract DA13-120-QM-209 "Investigaticn of the Mechanism of Euergy
Absorprion Characteristica of Nev Tolymeric Materials" (Comfidential)

Srrakara: Dr W A gk
N

b0 ed -
w{ T aadd iy

~

<
Mr. E. 3. Eme1son. Phyaiciat

Rutgers University New Brunsvick, R. J.

ontrsct DAYO-100 Qu 8BSk "bewslomment of Rigid Aigh Sire
lexinie Co:ligurations 8
id=ntial)

ngih Ceramic
haped to Minimira Frittle

Speaker: Dr. E. J. Smcks Profasgor S:hnol of Ceramice

Malivon. Wiscoasin

Coatract DALY -129 Q¥ 909 "Tnveatioaticn of Ballistic Properties of
Peigonne]l Armor Msterials” (Confiftential)

Speuker. M . E. A. Moyer, Troject Lfadsc

I



Chemical Corpe ki) Command, Army Choamicsl Centox, ki, Directorate of
Maierial Rescarcld, Cismlcal Warfare Lavorutorlea

Cross-Servicing Order No. CS0-58-65R.

Srwakvare: My T U J..—.:v._.“' Lody Areor 3?"""2’1, Biophyoice

)
M. G. M. Stownat, Deputy Chlef, Bedy Armor Braach
Biophysics Division

Battelle Memorial Imstitute, Colwmwbna, O.

Coatract DA1S-100-0M-933 "Fabrication of Selected Titaciua Allcys
for Perscnyel Avmor Applications” (Confidential)

Gpesker: Nr. A. M. Sabroff, Reseercn Metallurgist
Light Metalc Divisica
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PAFERS FRESERTED

Tke Development of Kultlphas!ic Armor Ccnstructionsl

A. L. piesi¥

1Toe historicel tackground of RUTIPOSS1IC ITOr Was outlinec mand an
explanation of the synergistic effect obtainable rith such armor jroposed
in terms of combinaticns of missile stopping wud missile.retarding
effectiveness of the compourwnts.

The results of exploralory experiments were pressnted, deeonstrating
that composite armor consieting of two or more dissimilar materials is
capable of producirg subataniially grester protection thau an sguliwmeisnt
weight per unit area of any e compozert. Data were showvn for three
cretems of two comporauts eaach aud tested vith the 17 grain .22 calibar
T37 frageent simdating projectils. PFeasiwi-3 of the ability to defeat
missiles (osuch as tke V5o ballistic resistance limit) and to retuad mis-
slles were praesntcd as guidss for the se'action and positioniong of cuwr-
ponents within a composite. Data on res.iuual velocity as a functiaa o.'
miteile-striking velocity obtained with the 17 grain .22 caliber T37
fragment eimviator for five materiale (nylou <loth. titanium A -11QMT,
aluminum 245-73. glass and polymathyl met-acrylat=) were preaented. By
appli-ation of th~ synsrgistic effazt ol-cajnabie 7'th caaposite arwmor,
significant advances sre anticipated in prosi3drmy protstion for persoonel,

valbicles, atalitsirs and eqaiyment smgainat hatil.fiald o anties.

b}

‘Pubiistel in more complers fora as Quartarmastsy Rescarch £ Pegincardng
Command,Techotcal Report CP-5, Compcsits Personuel Araor, Dec. 1957 (C).
*Quartermastsr Reasarvh & Epglosering Certer . Hatick, Massachueatts.
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Lnergy Absorption of Single ILavers and Cosiosice ATROT Structuvesl

A. 3. Tente*

The work carried out by the Quartermaster fesearch and Englueering
Cantar hallistic teat ranca on the hallistic enargy sharrrption of rer.
sonnel armor materials wms presented.

Geucaally, almllar ivelaticwships weirw Foul 207 Loth Sho coliloe W02
ané .J5 fragment simulating projectiles, vis. (a) materisle differ marked-
ly in their ability to retard projectiles, (b) the energy luss of peustrai-
ipg projectiles dlvided Ly tlw sieal (surface) denaity of tbe material wvas
found %0 be velocity-dspendent for mll msterluls and (c¢) the relaticnship
tetveen materials changes with projectile striking velocity.

The kinetic enexgy loss of tha caliber .15 projectile wes approxi-
mataly cne half that of the caliha: 22 projectila, Cowparisom on tkny
basie of tbe projectile striking 2nergy, however, shows that the psrcent-
sge loss is grester for tbe caliber .15 projectiie.

Limited erergy absorption studies Lava been rade cn & few composita
structures utilizing a rigld mmierlal in front and nylva armor fabric in
back. Soums combipations such as glass-pylon and polymethyl metlaciylate-
nyloo were found to reduce tbe cinetlc ensrgy of the projectlle (per unlt
areal density) to a greater exteat than either comporeat,

lPublilh:d in pemit as Quartermaster Resea. b & Enginecring Center Report
QMRE-14, Investigation of Ballistic Protective Matariale for Forscanel
Armor, Progresa Report I, Energy Atsorpricr and Bellistic Resistance
Linlts (V50) of Axsor Msterlels visn Perforatcd by a Prageent Slamlatiog
Mlssile (.72 caliber T37)}, December 1437 {Coafidsntial).

MQunrtermaster rlesearch 4 Hnginssriug Center, Retick, Masaachusatts

8
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Repcri by the Polaroid Corpomti_,‘%l

W. A. Shurcliffe

Tethaps Lo 10 or U yrava, sciewve will be eufiiciently advanced to
peralt man to arrive at a Azialled uwileveiandilng of the anetica of ao
armor ranel in stopping a rrojecille. Tolay. we Jack tha acientific foun
datios om vhich to base auch an understanding. The suwbject is further
handicapped by lark of any texttook ecd any tecioical society devuted to
the subject of perscanel armor. Also, the secrecy which shrouwds the
subject hinders stisalating discr ‘ous saoug sclentists in different
organizations.

Scme Balliatic Properties of CR-39 Plates

F. S. Bwerim>

Because glass shovs such great envergy absorptica from fast misziles
(misrilec vhode striXlng 8f2sd exceeds the Vgo value of tbs [asels flred
at), v tried to amre whai Crganic polymeric msterial might be ezough like
glass to exhivit corrsespondipgly bigh misrgy ahmorption dut might aveild
glmss Lad featurwe such as higk dscomi'y apd tendancy to sbatter into
sharyp ¢-iged pleces. Tbs matarial knovi: @ CR- 39 appmared to be a godd
prospezt. Firing tests vere mads ani Our expectaticus were berne out.

CR 30 pletos ¢hat a-e thich=a ‘len 1% lo-bh sbow 0s78t@1ding ability to
abaorb enargy fram fanst projectiies,

Importan:e of Type arl Evtent of Parali»lism Among Organic

Polymeric Mniecilan Comoyiatns =n Armer Donel

W. A. Sharc1141#

The \wswAl BHHHC) ¢ Zagtirbing Y52 s-1«n®ation (i.s., typs anid degre=
of parallslism of thx Jong “tain moislwles} jp polymscic pladtss that heve
been strapngihevead bty er-etcting op-raticns s oo Asecribs ihe strefchiog
procedurma aed, Thir m=1 01 ‘6 1adejuni v+ sp-.imens <bhat bave beey
stret-hed 1n apparently siwi.ar maroar ey anfi up with quites diffe,<t
actual type en? degrex of paral:sliew swmg tne molscuies, 4 goliontifl
celly rigorvius Eethol  duve iving Zrtergiration of the thres princiyal
refraztive 1Liicean. 18 2 C@orLie .

Yinvestigatica F Iha Eprray Abenvrptiol Cherectaristics of New Polymesrlc

Matecimla, Final Reaport Dec. 31, 1957 yolmrold Copp., Caxbridge Mass.
*Polaroid Corp.. Camhytdge , Masse.
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Appiicabi ity of NDynami~ thotnslagtic Analysis

1o tha Svdy of Tweoat Thanosann

E. S. Eperpon*

+ [ WP T, [ iy e g

S od LG9 sl 3 .o [ =
H IR U asEn-spiu, uynamal SvISsica

AN asmost iLical moLhod of evelwal
rroduced {n vanals of organic polymeric mmterials by izcident missiles is
the method known as photoclastic snalywis. Curiocusly encugh, the mathod
kas been entirely overlooked by persons workirg in this field. One com-
plication 1s that some of the formulas commorly used in static photo-
elaatic analynis do not apply. However, severai of the principal formulas
still do apply, and from tbese ve can derive a detailed account of bow
ibe stresses vary fram instant to ipsiant azd froam polnt to polot.

*Polarcid Cerp. . Caxbridge, Mase.
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rropertics of Tcchoical Coramlcn

Edward J. Smokev

The first cbjective of contiaci DALG-129 QM 854 1s to dsiermius the
Lallisii¢ properties of cormmic materiais. Frelilminary speciwens of
three types of crystalline ceramics have been submitted for test; namely
alumica, zircon and steatits. Toey iauke 1o areal deaslity from 57 to 117
oz./sq. £t. In tho ballisiic teate, the striking velscity ranged frum
5.265 1o 2,200 ft.feec. while thg r2sidual welocity sarged from 2,637 to
5o ft./sec. Thie results 1a the ceramic lowering the velocity in the
range of L7 to BbE. T all cases, +ha ceram’c shattered snd eplintured
in tha aros o impact. It has been proved tial, in soms cases, ths re-
corded residual velocity ie timt Oof & rrugment of csramic sin<e the wisslle
414 no* pereirate the cerumic. bLpecimens are baing »repared in lower
ares] denesities for furthsr ewmlustion.

A gsperal d&lecuassion of the enginesring properties of ceramic macer.-
‘{als wvas slso yresernted. Informatica cu gless single crystals; poly-
:rystalline, and crystal glauo typs ceramics was included. Fhysicnl
sirength of highly poruvue types of cermmice is guite low, in the range of
several hundred pounds par equara inck. The maximwm value for tensile
strengtlh is 27.000 pei. traps rerse str~ng'h 60 000 pei: and comgpressive
strecgth. €0 000 pol. OCilsnr Lrops: tlew ars:

Hardpess - 27 to 7 OO0 (¥pa:.p)

- po P . o £ b ’ 10
Lipser Toerwmi Bxperorivo - - 5.0 o 15 x 10 iavjiuegy C.
~ .

Toermal Copdus=ivity - 0.03 &2 125 Btu/{hw.) (£:.€)(“F.)/ft.

Tapact Gt rargth ER Y'Y 1n_-—-1b1_fg;1_ in.

*Profzescr of Ceramlem, School of Ceramics  Rutgers The State Univeraity,
New Brurswick, N. J.
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Measuremeat of the Energy Absorption Charscisiisilcs
cf Materialo as a yuncilon of Projectils Yelocity™

E. A. Meyer*

A conparison check vas mads votween tha tWo velucliy-measuring
systems which are to bte used for ensrgy absorption mcasucsucnis. Serious
disacreamsnl vas noted only in the velarity intarwal hatrean 1713 and
1240 ft./sec. The disagreement ranged from 23 to 55 ft./sec., vhereas
cutside this interval they agresd within several ft./ecc. Sizce evcn
slight disagreesent in velocity mecsurement cen prcduce huge erxors in
tbhe measurement of energy abscrptiom, it was iwperative that the ceuse ve
vaderstood aud corrected. Tests showed that the procblanm vbich existed
with the T37 pro/ s tiles could be sdeqguately simaiated with bullets.
Since about 10,00u rowds were firesd in this investigation, the savings
in cost and time were comsiderable.

High-speed flash photographs of bullats nt various velocities vere
taken at the lcostant tbey tiiggered the lumiline screens. Relative
bullet position~ were cbtained by superimposing oegatives. Tbe results
showed that "wliets travellipg at diffecrent velccities triggered ths
residial valocity lumilins sersan all at the vamse positice. Toie ves
also the cass for the striking velocity ascree: at velocities below 1130
it./sec. At 1140 fi./sec.. tha bullet preitdm ahrupily jumped hack
1-1/2 1azh (toward gun) at the instant this scresn vas triggered. As
tha bullet welccily vas increased, this pro triggesing Alestance dacressed
witil 1t vas only 3/16 fo. at 130 ft./sec. Tols phenomsuocn alune couwld
accOwit f'or the veloclty discgreumsat cbsacved, wnich aiao sbhowed ap
abiapt claugs wt 1130 fi./ssc. Ii is ol inlerssi 1o DOTe T28T TOD Vel
city of sowrd vnder our test coaditiond 16 ebout 11LO fi./sec.

Adliticnal teets suggested thati tha pra-trigssring wama cauesd hy
intearaction hetwaun the sahock wews which precedas the bullat at sousd
vsiccities and the 1igkt beam. There was oo wvideusce that the pre-
iriggering was caused by aechanical interacticvo between ithr shock wave
and the tubes of the lumilive screen (e.g., Eicrophinica).

Teata wvare ~rgaducted which showed that pre-triggerirs @:p:2323 cn
Hgat veam inotensity, photomultiplier sensitivity and amplifier gain. If
theses verisbles are visely controlled; thay can prevent pulss taturatica
in %ha amulifine, Tnia jermits optimim use of the cuipat thyratroen as an
agplitule discriminator to screvn vul ilw whuck pulsen; ordinarily far

‘Publighed 22 Firat Quartorly Lispurt, Coubtract DALY-105-{H-90Y, Tufusiem-
tion Regardirg the Eneriy Absorbing (raracteristics of Materiale for
Utilization io Armcr, B. A. Meyer, K. J. Hansen, Bjorksten Ressarch
Labs., Madison, Wisc., June 30, 1957.

*Blorksten Fesearch Labs., Madison, Wisc.
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soal ler than the bullat jsdse. and peymit conly the bullet pulse to pess.
Hb1la 4t vas pogeibla to elimipate pre-triggering by this method, 1t did
nct sllow a sufficient safety factor. It wms, therefore; necessary to
find asome other means of reducing the shock pules amplitude.

Furtlier investigation revealed there vere actually three distipct
tyran of shock pmleas praceding the bullst =i gound welcooitiss., ALl are
dcs to the dense, compressed alr of tis shock wave fyont acting as s lens
and refracting the l1ight hesm 0.2° toward the gun. This corresponds to a
1/32 1in. sbifi in the light bheam st the photemultiplier tube. The inter-
face spoock pulee and the norusl shotk puise are of the same polarity as
ihe bullet pmilesa and. therefora; cculd cause pre-triggering arror. 7The
inverea sakock yulee 18 of tha opposite polaiity and therefore harmlews.

The interface skock pulse;, cbesrved caly cn the striking velocity
lumiline screens, was caused by the light beam being mmsked by the hack
sida of the iovwer slit (tovard gum) Auring refraction. This reduced the
light striking the photocathode and pruduced the pulse. It was climinated
by moviug the lower slit upward and firing below tanis slit.

The normri shock pulse can de caused either by a reduction in the
light striki.g tras photocathods or by the light beam shift to a less sen-
sitive portion of the pbotcocatbods. Tha light level is reduced Guring
refraction 1f thas back portion of the photccathcde is masksd. The ds-
crease in sens’tivity resvlits wben ths light beam is positicned on the
back porticm of the photucathods &0 that refraction moves it avay froa
the much more sepsitive center portioa.

......... iVl ma mmim Yo i~ B o EAL o Y. o 3 ry A
Ths iavsras 553tk pulss Can bo Cavssd éliimr by éu ilucrcesse iu e

liaht striking tha rhatnrathnds ar hy tha 11ght hasm ehift 40 = more san-
sitive portica of the photocathiods. The light level is iccressed durirg
refraction if tha front porticn of the photocathode is mesked. The in-
crezse in sepsitivity results when ths light bzam is paitiocasd ca tLa
front portica of tha photocathode so that refraction moves 1t torard the

much more sensitive cent=r portica.

The no:wal 8kock Juiae was eliwipated by meking certain that the
back side of e light Cesm vas not mesked and by positioning the beam on
the front portiom of th plLotuiatbhily vw . ela. ‘vhan, only an inverse
shock palas resuits which cacnot trigger the thyratroo and cause pre-
triggecing errcr.

The results of this investigation apply cpecifically to our wmodified
luwiline screens with the 0.02%-in. slits. Howsver. norzal echuck pulsas
of wulfflcieni ampliiuiz tu (ause pre triggering error vare cobserved on
the stanland. vamoditicd bygh velocity lumiline screens.
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Chronograph agresament tests were conducted by comnceting all fowe
chronographs in parallel ¢ a set of lumiline screens. Orce of the chrono-
grarhs wan copslstently low by 0.02 millisecond. Pickup from the stert
circuit distorted the oscillator wave form for toe first few cycles end
these counts vere xigsed.

Tha interaction: wee slixzizated by ahisliding Lbe wires which origin-
ated in the start circuit and whiih rasssd behind the oacillator comden-
sers. Tho sama interaciica was noled in the uther chromnursphs bat to
lescer degrees. Sinca 1t remresents a potential source of error, they
were all shielded. All four chromograpks then agreed within 0.01 md1li-
second.

f

A final camzarison check was mede betvwesn the two velocity-measuring
systems. They agreed vithin experimental error and no anamsly wvas ob-
cerved in the velccity of sound region. The velocity difference between
systems ranged from -3 tc 8 ft./sec. as compared to -23 to 55 ft./ssc. at
%“he start of this investigatica. Of the 11 ft./sec. spreed cbserved, §
ft./sec. can be attributed to the minimum chromograph resolutice of + 4
ft./sec. at these velacitiea. The remsining 3 ft./sec. veriction could
easily be <ue to chanjes in drag,since both clipped and eliyasd bullets
were fired, Tests vith T37 1r1vjectiles also showed agreemsnt ¥ .thin
experimental error over the complete velocity renge from 360 to 2100 ft./
LETN

The important requirement on the proper chouice of drag coefficient
is that the projectile striking velocity (Vy) and the residual welocity
(Vy) agree closely at the target place in the absence of a target. Anmy
sprreciadls Alffeawnii Ccan iolowiuce sericus error oo energy absorption
measurewents. lising this condition, the drag coefficicnt for 237 wo-
Jjectiles vas determirsd experimentally over the velocity raage from 100
to 2200 ft./sec.

The values of the drag coefficient detersined by Ahardaen Provwing
Ground snd Watertcwn Arsennl vere coapared vith that msasured at our
laborstory. Comrsaiicon wvus mmde of the cowputed valuez of (Vy = V,.)
vithout & targst uairg ths three different values of dre3 coefficient on
21 rounds covering the velocity rauge. The least errci was obtained
uaing the Bjocrksien drag coefficient.

Energy absorption measurements vere atarted on both plastic and
metallic target materials. High-speed flash rhotographs showed that the
residual velocity screens vere pre-triggered by target fragmants fram both
targets. Correction must tbherefore be made for the pre-triggering.to
avoid nserious error in energy absorption memsurensnts. This correction
can be obtained fram the projectile~to-slit distence messured from a
phoicgraph taken at the instant each reaidual velocity screen 1s triggered.

The energy abeorption efficlency cf 1/32 in. Micarta 257-2 for T37
projectiles at various striking velocities was presented. Correctior for
rre-triggering by tarse’. fragmerty was made by the photographic techntqus
for each round fired.

1%



Techniguc £0r Determining Strain History
of Yarns under High Speed Impect

J. W. Jemzaca®*

¥s aasist in ithe atmly Of energy absorption in srmor materials, an
apporatss Las bLeen developsd for obtaining on a singls photogrsph “he
complete history of the strain Afetrihwiism in 3 Singic geru iwpacied LY
& projectile. The camera, set for time exposure, sees tas ocoJjoit Ja a
roteting mirror, amd ssversl pictures of tie yarm in successive states of
deformation are mads by flashew of light, esch of microsecond é&uration.
Dats can now be obtained directly to duscribe ths strain at a point on
the impected yarn as a fwuctior of times. The method can also he applied
to other aubjects.

A Hov Tecbniqus for Dsteomalulug Transient Deformation

G. M. Stewesi®

A nev photographic technique for desteniining the amount of transieat
deformation of & materinl at a known time after impect 18 ncw in use at
Bilophysics Division, Aray Chasical Center, M2, This lechuigue iavoives
the use of a multiple microflash unit; type 2518, dsveloped for Biophysice
Division by Edgertoun, Gerseshausen sand Grier, Inc. The unit consiats of
8 pover supply, & triggering pulser, and 20 flash units which ara sat of?
iz rapid soguemwe. Too LigLt scurce fm a single flash tube, with a re-
flactor asasshly avd zock of the S0 Uiasbes is of Approiimately ocne micro-
zecend duration. The interral betwesn flashes may bs eet at 10, 20, kO,
80 or 160 microseconds.

During a test. a whotogrerpk i3 ighaz Of ibe impacted target. Jrom
this negetive, cae can deterxine by measure=snt the maximum transient
deformation. This is done as followa: the Aistance frum the back of tka
target to the farthest dispylaced iamge is mesasured on the pegative. The
number of flashes that occurre4 before impact is koowu wud the nwmber of
flashes after ixpact 18 datermivad by countiryg tio L3mgss oi tle displaced
portion. If the total is less than 20, it cen be sssumed that the missing
flashes occurred after the maximm transient dsformation waa reachad.

Using the above techniqQues, it iz possible to delermine with accuracy

the maximum transient daformmtion for izgactsd larzeis such as belmsts,
fabrics, metals, tissue and pretective leases.

*Chemical Corps Research & Develomment Command, Avmy Chamical Center, M4.
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CONFIDENTIAL

A. M. Sabroffe

The dasirabls comdinatica of high sirangth 2nd4 lov densidvw which

titaiivm end 1ts alloy: possens nas interssted & omber of u.bmcie; in
the posaibility of using these meterials in armor spplication. Balllevic
atudica canducted by Watertovn Araeasl, Bureau of Aeronautice and Naval
Proving Ground as far buck as 1851 bawve ahown that certaln titanium
alloys exhibit ballietic performmnce against fragwenta and armor=plereing
ojectiles equnl to or tetter than that of msny of the metalilc armor

—ai_a_a= e ae PO T —
e lerials oow i uwas. To ressarch oo ditaniss sllogs for aireraft avmor

apptications cunducted by Battelle for the Buresu of Aerobautics, for
exszple, sn alloy having the nominal composition Ti-r-1Cr-1Fs-1Mo-IV;
woen jroperly fabricated and heat-treatod, showed bhatter resistance to
frageent simmlators than the presently vesed alumiuue alloys oo an
eguivalent voight basie.

Most of tbe armcr [rogramks ocu titanium, bowever, have bren coocerned
with applicatiuns requiring areal dansities in the raogs 2.5 to 7.5 1b./
6g. ft. Comparatively little vork has been dous on iitanium alloy» in
sheet sizes o7 interest foi' parsannel arsor, namsly, thcee viih areal
densities belov 2.5 1b./sq. ft. Recamt studles at ths Quartermaster
Ressarch & Engiaeering Center oo various titanium allcys, howover, have
abovn highly promising results.

The ctjettive of i@ Quartermastsr Cwps ogrwa st Battslla 8 to
establish the copditions under vhich the most prumising alléys daveloped
ThOu; Ter mURT De [T'OCessed TOr DArtOuLAL STROr Appilcations. Altnougn
conaldarabls &ata ars avaiiabdle om bsavisr gsges, “zlltetic pesformapcs
cannot be extrapolated to liguter gages beceuss of differance in varicus
metailurgica) characteristics, for exumple (1) grain size, (2) tolerasnces
for imgpurities and (3) nutch ssasitivity. This is probably trus frum s
mectanical etandpoint es vell, consideiiug only the differences in
geom2try.

Initially, six sitloys exbibiting alphse, alpha-beta or veva x:uiv-
structures will te studied:

Ti-3Mn-1Cr-1¥e-1Mo-IV
Ti P 1Cr-1Fe-100 IV-bA2L
T3-6A1-Ly
- T4-5A1-2.55n
, T1-16Y-2.5A)
T1-6A1-3o

"Bittelle Wemcriel Instituts, Columbus, O.
16
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Sxcept for the ell-alpha Ti-5A1-2.59n elloy, which is not heat-
treatable, tha ailojs will be tesied in the following conditions:

(1) Yully annealed.

(2) Heat treated ¢o showt 20,000 %0 05,000 poi ighss ia
wltisate Gensile strength timn the sampcalsd copditian.

(3) Pest treatid to aboct k0,000 to 50,000 pal higher im
wltisete tamaila ll’t.vf!urfh tasn tha snnastad soamdist—

In sddition, “hs Pi-6A1-AV allcy and possibly ann ather alloy will

he haat_¢tvaentad i-r- proders s reaze of ‘-1-1‘ stransth l‘il?:' ts siremath

tatics. Thie -tari;l w11l be used to stady the effect of the sproed
betveen yield and ultimete strengths co ballistic perforz=ace.

The alloys «1)1 be studied in two sires covering an areai &snsity
rangs of 1 to 2.5 1b./sq. ft. The matariale will bs evalusted im the
G-2 baliistic tast for both Vi and energy absorption characteristics.
The most yromieing slloye vuiobe stadisd over a vidar range oi ctonffo
ticns 1u an attempt to estedblish the opiimma comditing for armor appli-
catioas.

On cowpletion of the stvidies outlined, tie nott Jramising alloys
will be stadied in & vids rauge of sheet sives covering a ramge of
sronl dausitiss from about 0.5 to 2.5 1b./mq. ft., to cdtain data for
use in developing pot caly titanium arwars, but alsc composites of
titaniem wilh «  »r =sterisls.
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RECOMMENDATIORS

Many »f “he yarticipsnts snd thoee in ettesdance volwtsersd bighly
favorable commeats on the vorth of the arwor meteriale symposium in cco-
tributing to their knowladge and in stimulating jid2as. On tha basis of
tbeee comments, tbe foiloving rs:osmencaticas are iade:

1. For each brosd area of a roject wvherein there are many groups,
Command coutractors, dlvision laboratnries or cthers involved, arrausal
mastingas of all intarested groupa be n2ld o promote com=mmizatics bs-

tweea the working gioups.

2. Tbe meetings be conducted on an informal basis vith ample time
alloved for discussica.
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